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® To data, ssotectiwe coil trans i >r • rio ha involved 
injttctina coil s;usper»s?o«s into tissuos or tha vascular 

,» toot ( i i t i > < i p if ion; t 

bianfodfibie rsriificirif polymers in coif culture and then 
implanting tbia pelymor-cwil scaffold into onirmds. Using 
standard tochnkt»«a of coll harvest. single c -'" jlis ijn(j clus- 
ters of fotBt and adult rat and mouse ftopotoeytos, pan- 
creatic- (sio! e tills, ami smalt Sntustmtd colls havo boon 
s»'idu(i »nta IsiedfjflrtnJoble polymers of polyglaatin 91 0, 
$>oJy»nhy<trid«s. and poiyonhoosior. Sixty-five fotosos and 
14 atfuit animals aerved as donors. Ono hundred fifteen 
pofysrsa-r scaffolds wer« twptentorf into 70 rotapiant ani- 
mals: 66 stsatfati with bttpatocytus: 23 with mtostina! cells 
end dusters; sad 26 with pancreatic islet preparations. 
The cells retn»in tid viuWiJ in culture*, end in she case of fool 
U>uatin& and ie-al ftapasooytas* appeared to prof«for«ie 
while on the polymer. After four days it? culture, the 
ceSf-potymfjf scaffolds were implanted into host animals, • 
Kither in th» omentum, the interscapular fat ped, or the 
tnooomery. In cocas of Ifitol imoesina! impfomation 

coupled witit partial tiepntf.-r-i.-.tniy, aoccesrdtn engroftrrtent 
oce.inffKi in the eniutitusit, ooa UinnmQ a visihio S O mm 
cyst. Throe e»s«s of hapatocyie irnpianttilsnn. one using 
adult ceils and two inane, fetal ctdis, have also engrafted, 
showing viabitity of htipatocytoa. mitotic figures, nrvdv-as* 
cuiartent-or. of the call mass. To rfoto, no pencfoatie islets 
hove sorvis-ed implantation. This tn&thod of cail uunsplun- 
teston. which wo hase liitrnod "chimeric nootTiorpltogotto- . 
sis," is on akemativa so currant tnothatfs arid requites 
further study. 

s imSbyOnme o Stanton. In::. 



^> t IM 11 t a it Ln- 'ii f n \ t o f r 
s-3 sachy ;•».(! demenis necessary it) replace lust func- 
tion has 1v,a-o studied as an alternatives to whole or 
panics! organ transplantation.' In the pasl, cells have 

>e ti 1 til t ^rsui n't. n pens <n t tK an 
hmocufaictj mio varkms tissues. Wc report attaching 
psjfcnchytml cells from liver, Intestine, and pancreas 
onio bksoroclahtc arttikia? puiymers and then implant- 
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tactideattd it prtitJueetl as Vicryl bra doc ab ibk anarc (Etiittros 
Co, Satne.rviite, N'.i}. : 

fofytsrihoesien Tltc specific polymer used was 3,9-bis<eth>-t- 
t Kr .-:,»!>, 1 0 sclMett-piroi-s ■!) uad«stBe Ctiftolytnef with fa' - 
J^-cycioSissattctlttJictiainol sad i s'sitcaaadiol ins molar rJI»2:l:l, 

lytut 1t 'it, die fsiiyaa d« m| ! >ci irk 
ol' U\i 1 .4-csrboxyphertPsy i propane and sebscie arid, it is ijitvtutv 
p.uibtc a;xf isis been toed esicrtsivily in drug delivery appliea- 
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Sohtnt Wiling. A Mdiuipn af titc jatjytncr in trsctfiyicBC 

clitoride) was casl en a bra«cSrmj\p.v.Knt relief structure as a disc if) 
rsui in (iiatnsicf fur it! (liiroiits- at 25*C usajy a Carver press. Alter 
solrca! evaporation, a film 0.5 mm i« thickness with a« engraved 
branching ptUtcrn nu its surface was obtained. 

eassavt'.sdo/; /unfding One hundred rsc of the psdycirr asn 
ptatsied (30/XK)psi) imoa »rafl«l»ing pattern relief Mr«<aors 1*1 onn 
t imcter. i a 1 lts< reobtiiiacd 

ra'lygUKun y HI Multiple silver* of aO- 10 «i(»iymw of giyotisdc 
and iacttdvCtwvtrgtng to a voottwtn case were faslifoncd frewt sutsrs 

r ! I \ " , i f i 

2), Tft««.bfa!-.ehitig fiber ciaacrs were apnrosiaeitely i,P cm in 
i i ( fibril 3 a i i >b n <u 

Animals 

Vouns sduit ti.ari ratal Spraguc Oawley rats and Car HI/ 6 nttee 
tCiisrkts Riser i.sbs. VVItiniafjiai, MA! were ased as tail donor.-, let 
ait experirotms. The ttniitstis were hot. see individoaHy, .'rllewce 
.scee.es to food and wasct ad lib, and etsiatartted at I ? hotti fipbl tnat 
datf, intervals. Aeesfhssia was obtained with an ttitraperitoneai 

icctien c pei Abbott t.ab \orll t hi igo I ! a! a 

dose offer; 'i mg/g ami sopplcotcnt,:,} watt, tiiftho.vyihtrtttic (rittnarp 
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m! " <*'« ! »« % ft •»'<•• J" 0 ' "-■•-IS ill'-' ttci:;»t«HC (icsoib-.;;! by 0<>wh u 
Bi * AUt:r :iv< '«i*«Hc..5it«.- jK.Ri-r*a$ w.ti £»»nsfcrt*d st'crUe hood 
!'■.■; ixfc; ;v,;,;ii w . fstKT.y, i!i<; (iayc wan ( )!;n; f .,i i;;u> a iS'-i Ficoil 



the interscapular fat pad; (2S the ««me<t(un:; (3) ih-.- b->uc! 
«:csenl«fy (Fijji), 

Alofit sniiitaS', tmckrtvcm .: partiaJ Iil:;>;iKv-Io;:»v U> sli;mil;:ic: ceil 
ijKiwth. .Aiiioiah were sacrificed .»t day 5, 7, or S -I ad th« implant* 
were examineti S .'-\:;"e.uK with fcrnatoxyitn and comk. t'ok-t^r-, 
vilhotit cclli ictveil as controls. (><>!>■„«.< -tuli w.iYnM, uerc ' xunj . 
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iv«f days in (.i»H«;». C«)l.'. viu y Uorrt healthy so rtagocioraru J ;:r«J 
t««:-»ric i.Homatoxyiin («ut »o*i«. «>•«(«>»! !v»0isi»if..M«oi> x )7^J. 



it« ;! i« itoU:;'.U..!l!y aiki tis.y.'i in euti ur« ami I'vfere ii»pta«iatio« 
a; :-v\s cell t>mivhnn:»! an;! W.-sWIily. 

RESULTS 

Seven; y-ninc animals, including 14 adults and 65 
fe-tusss, were used as donors for cell harvest; i ! 5 
polymer scaffolds were prepared for imptaiHtiiiou. 
Sixty-six of these .scaffolds were seeded with hcpalo 
cytcs. 2J with intestinal celts, and clusters, ao<| 26 with 
pancreatic islets and ceil preparations. Implantation 
was performed in 70 recipient animals. Fifly-eiighl 
woe killed a! seven days for histologic examination of 
the implant while three were examined at three days, 
ami nine at : •* days after insip3;mt:itiot». 

Ceil viability on the polymer sea [Told at a t>> 4 days 
in culture varied wish the type of polymer material 
used. Loss than 10% of the ceils were viable on the 
poiyaniivtJiirie disc:,, whereas HiY)': of cells cultured Oft 
polyortlwestcr discs and !;ia merits remained viable, 
and over 905;, survived on poiygktetm 910 (Fig 3). 

Blood vessel ingrowth was noted three days after 
implantation with ah of the polymer types and configu- 
rations In the implanted fiber networks, new blood 
vesseK formed in the interstices between the polymer 
filaments. The polymer discs showed capillary forma- 
sioa hmnedin-uly adjacent to the polymer material, 
"('hi.'} angiogenic response accompanied an inflamma- 
tory infiltrate thai displayed both an acme phase and a 



animal;; showed evidence of successful cngmftmcnt of 
bepatocytcs at seven days. Small clusters of healthy 
appearing hepatocytes were seen with bile caruilicuit 
between adjacent ceil membranes and some areas 
demonstrated mitotic figures. The cells were sur- 
rounded by an inflammatory response and blood ves- 
sels coursed around and through the cell clusters. 
Polymer material was seen immediately adjacent to 
the cells (Fig A). 

Successful engnsftmcnt of intestinal cells and clus- 
ters were observed in three animals. Histologic find- 
ings were similar to the jjepatoeyte implants with one 
exception (Figs 5A-C). On gross examination of I he 
implant at seven days, a cystic structure approximately 
6.0 mm in length was found at the implant site (Fig 
5A) with polymer fibers splayed within its wall. Micro- 
scopic, examination revealed well-differentiated intes- 
tinal epithelium lining the cavity with mucous and 
cellular debris within the lumen. One wall of the cyst 
contained polymer libers, blood vessels, and iniktrnma- 
tory cells immediately adjacent to the intestinal epithe- 
lium (Fig SB). The other wall included a muscular 
coaling that suggested that Ihc polymer held a small 
minced piece of fetal intestine as the origin of t he cyst 
that eventually developed. The cyst displayed welk 
differcrstiatcd fittest irsai epithelium with mucous 
sceretiisg cells (Fig5C). Other clusters of intestinal 
epithelium demonstrated active mitoses, 

No viable pancreatic islets or other cell types were 
found in any of the pancreas implants tested. However, 
all of the. implants were accompanied by an inflamma- 
tory and angiogenic response similar to those nosed 
with liver and intestine. 

Control polymers implanted without prior cell seed-- 



Liver ceil graft 



.aminulion of liver evil implants in ibree 



i. Hbpatocytoa are Stealthy ontj aavwai mitotic 
it, Blooef vossois nr« prfissru in thts mtiss. Tr> tho 
tory SnSIOotti id tlto ottfn «f tUtt *-uly<»«w is 
xylir* uott o;wii>. «rigtt:«i mngiiir.cstior.. ••■.•172). 
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i : i;> !>, \at Phsi%t>nrnpn oi polymfar.f 
ssvo.fi d»yn after <n:;>l.ir.t.»tk:n, A 6.0 tixts nyss is soofi with fj«!yi»ui 
fibers splayed within Us vvaB. Bloosi *t,i;s<its amor «>» wsfl <it thft cyst 
: >: 101. («! Crgss wcnon of nynl in 5 A. Th« fe«»in»l wull is lioud with 
ifrtoMinal op.tiiotiom. Th» lumen sent (tins caHultsr Htstsris ami 
mucous. TJ<o white ova! i.ikjbk to Oia toft of this luniart Mipreii.rti 
IliOjih ;||llIPI i ? ' Jol| polymer iib-ors. 1 in'y (>ro t-urrctumloij by rsn infttusimatisry intikrato 

jivtfa, 10! -t < \ (nyar of m t nusch) cjm !io nu u*ti 
rifjhvof the lumBft. sujjgoMiog that this syst may hnwa arismi f.w. a 
«n»».!Mot«*lin»l fragmrmt iHofiBtoxylm aotf «osit>. wigifsst magnjiity- 
tion. ict 72). !C> Closo-up of »r» »reo of intestinal af>iiheiium. (Mote 
that the cells rataih xhmr pobrfty fine! Bern* appear to ti» soertwirsti 
mucous, ausgouimtj orsgoint} «pccini>zod Jur>fii»«» {Hematoxylin tincl 
nosifi, oriyinnf mtiyiiifiCiitiuii. ■■; 740). 

t> u 1 io t n<j ill i m torj response with major blood loss. The preservation lime is short 

•uilar 1 a their counterparts that had been seeded with and, therefore, results in major logistical problems in 

irenchymtti cells and maintained in culture. This matching a distant donor with a recipient. For these 

I Mt «f 1. 1 iH- JK themselves did not play a reasons., the undertaking is expensive m<i labor mlcn- 

<tjor role in the infiam mat tort and neovascularization sive, requiring a major investment of resources avail- 

able only in ten Jury care facilities. 

Selective cell transplantation of only those partoo 

olot, J bit i\ ehymal dements necessary in replace lost function has 

'In h > l! c to nt • 1 o c 1 ft 1 Ixe'l 'in. used t , ikl i'ia < a »! < p o 

1 1 « 11 "h if t 1 en tin ga lispianiatmn.' it h i" attractive tea- 

^ I .< 1 s| 1 .hi »1 «< ) thi tn to turcs. It avoids major surgery with its attendant blood 

1 ■ I . it t i.'n it • - t joss, anesthetic difficulties and complieaiions. It 

ohUis is an cs trnple replaces only those cells that supply the needed ft;nc- 

"i he emergence of organ trutisplantation and the tint) and, therefore, problems, with passenger Icnko- 

1 1 ll1< 1 ' ■■ dh> e i i pi te a nt >. e ui <a v ti pre r t na Cull and othc cell n,pcs 

l'^ 1 ' ienf t t t < Ui. 1 t Sleeve; , s kit ,) 1 [ 1 ,n t in. 1 !u<., jii, <, , <> i\c ded 

r abitoy \ v perform these complex operations has Adding \ he tcehnkioes of ceii cniton; provides another 

proeod, she limitations of the technology have set or tools to aid in the transplantation process. The 

eonic more eviocn;. For example, in pediatric liver ability m expand ceil n timbers with proliferation of 



e time a ponents while the cells a 
s dirnin- with current technology, 
sociated isle; eel! transphintai.i 



incm oi mdliui.s is art area of current considerable experience in placing biologically active 

research. Although there is evidence of short-term molecules such as growth factors directly into the 

■'mtuum. long-term ^rcsuf Is have been less satisfacto- polymer, and allowing slow release of these agents in a 

r ^ Currently, whose organ pancreatic transplanta- com rolled and predictable way.'" Finally, by the ii.se of 

uon is the preferred replacement. Kepatoeyie injec- biodegradable matrices, we provide onlvYtemnorarv 

lions into ; ?;c portal circulation have been attempted to scaffold, which eventually is reabsorbed Jeavmestruc- 

support hepatic function. A recent novel approach in turai support of the mass to mesenchymal elements 

whicti hepafocytes were attached io collagen-coated supplied by the host, and modified by "the implanted 

microcarrtcf beads prior to injection ink) the peritoneal cells. Although some of the polymers studied 'caused 

cavity demonstrated successful implantation, viability somewhat of an inflammatory response, it is iikclv thai 

" ! !,!) l ! «iH«! hepatocytes, and inaction Tin: further purification wifl reduce or eliminate this mob- 

authors suggested that ceil attachment io « maxim icm. This has already been shown to be the case with 

>r * 1 ( 1 " ,!, " t '< |Oi important component of ethyiene-vinyi acetate"' and polyaiihydriues. 5 

successful engra i tmcttt a ttd t auction." This technology allowed us to design (he polymers fo 

|" r ' d 1 ' 11,1 p »' kUx 1 » ! ib attach- meet the biologic needs of the system we wished hi 

sv, t :!: '*'" i0 biodegradable polymer scaffolds in cell create. The configuration of the polymer scaffold must 

' ' , ' ' 1 '" ' lhan Um h0sts arc based 0fi bsfVC enough surface area for the cells to be nourished 

r , "'" : '' A • m:,m ' ;U! . uns ; by diffusion while neovascularization occurs. The now 

.:,.'J/., . VCr> ' : * :, '7 a0r . c . m i,ving <5r t'««««tt « in n blood vessels roust tnterdigitatc with the implanted 

v., r. ..!.,>. ..t..{.. ol opnitbrmm. It undergoes constant parenchymal elements to continue io support their 

renewtd, rentorieling, mxl replacement^ of functional growth, organization, and function. Polymer discs 

' > . . -,Uc. of change varies from organ to seeded with a monolayer of cells and branching liber 

oiganam . .stniettire to structure, networks both satisfy these needs. The branching 

,„ m ! M ' v Jl " ■ ' ,n <:Hssnd3Jcd Mal<? - fibcrs « rc ^sed on the same principles that nature has 

" , m sI 1 " u ' v dhvv-odoso used to solve the problem of increasing -surface area 

'• r ,; ' : - J - :!! 1:1 vvhicil Uie >' placed proportionate to volume increases. Ail multicellular 

: : • l ' tcr - tllon th , c > fiavc undergone. organisms utilize this repeating branching structure. 

. ' ! !;> 1 ■'•iititat, endouidai ceils that form Branching systems represent communication networks 

;•' : U '' " ^-""tontlrtHin** ' uu! bile duct between organs as well as the functional units of 

cci:.. Uiat Nam lubes under the proper conditions/ 5 individual organs/' Seeding this configuration with 

, y\ , ." : '■■■ mmi ™ "")>-ai;tcc m vsmmtes d .0 to cells and implanting The struct arc its fibers allows tis to 

i Pi' /'uW, ' 1""' 'y UiC; ' ^ t, ' | l ( IM< ' mum implant large numbers of colls, each of which is 

•■'!*' sl :" u: " um< an ^ l0 &cncst.s occurs, "' exposed to the environment of the host. Therefore, Free 

,'''{" ;: !UM ^ dsUerm,Ii « l by cytoskelcfal compo- exchange of nutrients and waste can occur while 

5 ,, !!!„"I;; ! ; U ' ,!K: '" . k> ..^ aU '- >; . pi:< " V:; . :in l!, W l »"* neovascularization is achieved. If' functional, the new 

' '- : ;: MOf! :,m . ! i3i ''«™»'"le<t »unct»n. ,,J * ,f three-dimensional mass would be ;s true chimera of 

" > T'". v ?" s l' ,,: '- 0<! m:<! roalaic Uss >m as a parenchymal elemcms of the donor, and mesenchymal 

PTu'r 0 '' • ' " < " J ' ,,u ' lchmen1, litcy * u > is " vc a elements of the recipient. The term "chimeric neomor- 

j ! ,. !< l" ';*' ,} f „"" ,J| "- . ■ :!!ai -'bniem sues, achieving phugciiesis" describes the process' that has occurred. 

1 ;)cy bc « iH xvilh Tise results of this study demonstrate tha t ceils from 

liver, intestine, and pancreas can be successfully har- 
vested, and will attach to artdidai biodegradable 
polymers. They: will survive in culture in this configu- 
ration and can then be implanted into a host in a 
variety of locations. An inflammatory response that is 



ecu hmctioi) in the new environment, further studies 
to define the optima! characteristics of the polvmer, 
attachment parameters, growth criteria, and function, 
need to be.pef formed. Clinical application in diabetes 
with beta ceils of the pancreas, in hepatic failure with 
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hcpa u, : < <* Hid bi! i cell s/id it inti Ursa! jnsufli 
■;:.-!ic\ with intestinal epithelium remains the Jong- 
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Discussion 



cell-: 
thro- 



towte (7te7o«/.- This interesting approach, 
is uses bkHl«grudab!« materials as an artificial 
i-M has beesi swcccssniiiy dyne i« two-dimensional 
fsis by Drs John Burke ttrtd f-lovvard Green for the 
c.-ctiicti; ot skirt for Jimjor burns. Dr Vacant i it; 
ypuiig this iedmi'.Hte in a thrcc-dtroensboaJ sys- 
! ;o->k loru'ttni tt:» further screening of mtitrix 
•utts in th c HHure. AfteT mainteirting tiisperscd 
ram hver. pancreas, anci trtlcstine in cufutrc for 
u - ivkf . itiipiantution. sjttail viable implants 
ou i xi in Sliroc of 66 hepaiio intplants, three of 26 
tmcsitnai impiams with n 6 , nm cystic structure, 
ct ., s pancteatjc implants reflecting also our own 
l-cvss h ,!,;,, particular organ. Though falling 
°" ; . i P aiv,d '»K needed organs for transpbtita- 
vim.n t.tte author';, dream, it dec:; provide us 
somc l»'""«»istt*g techniques, i would make a 



g the nu 6 ( 



rali 



ed and 

cat, t:>;peet to be high. ! wonUi suggest using 
■■k: itnee to to! ihe hyputhesis more stronjtiy. 
it) suidtes should h c done in order to determine 
* fetal age growth would be allowed. The 
of implantation is also vital. Wv too lost a high 



percentage 
well as the 



■emery, as 
tiioneuin. 



ia tie capsule and in the ret rope 
so we turned to the subrenal capsule where strtichircs 
can grow without being ejected. Can the authors id! us 
why the polyorthoester was so unsuccessful? Were 
implantation toxicity studies done before undertaking 
the present studies? What will be your next experimen- 
lal designs? We will follow subsequent studies with 
great interest. 

././> Vacanti (dosing): Syngeneic mice eliminate 
rejectioft as a potential mediator of the inflammatorv 
response, which has been stcnifieant in some of the 
polymers we Stave tested. The time-line studies with 
different aged animals arc very important and J appre- 
ciate that point. Our hope is that adult colls ear. be 
us;ed with success as ear. fetal cells. Wc have evolved 
the idea that scrnnnal differentiation of ceils is proba- 
bly not very common and that in the appropriate 
circumstance, with the appropriate communication 
wtth other ceils and matrix, ceils can be-, manipulated 
ami can express genes that they do not usually express. 
We have come (o the conclusion that the matrix, 
component of different tissues probably contributes to 
die successful engrafirnem of different ceil types. So 
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which particular locution for which particular cell type 
needs to be worked out. We wonder whether wc can 
t;;i:c different polymers for which we have a long 
experience as sbw rolease rose? voir* for bioactive 
molecules am! uscn use them lo precondition different 
SMi v 1 |l > ^ ?rowth laetoi md differentiation 
lactone before we do the implant. Wc might be able to 
i'oo! the tissue into thinking it is fetal (issue as opposed 



lo adult tissue. The polyanhydrides at the coniijmra- 
tton that wc used were the least successful and the most 
ioxie and they are very acidic, and it is very difficult to 
keep up with the acid release in culture and probably itt 
in vivo. More work needs to be done with this particu- 
lar polymer family. The poiyorthoester is reasonably 
noninflammatory and provided goad ceil attachment." 



